The purpose of this study was to present LM and SEM observations of Nitzschia taxa encountered on the South Shetland Islands and James Ross Island. During the ongoing taxonomical revision of the freshwater and limno-terrestrial diatom flora on the South Shetland Islands and James Ross Island (Maritime Antarctic Region) eight unknown taxa belonging to the genus Nitzschia were found. These taxa were previously forcefitted into European names such as N. commutata or N. perminuta, but detailed light and scanning electron microscopical observations allowed their separation from the already known taxa and resulted in the description of eight new species. The paper discusses all twelve Nitzschia taxa found in the Maritime Antarctic Region. New taxa are compared to the morphologically most similar taxa and their ecology and biogeography are discussed. Although the genus Nitzschia is present worldwide, a large number of Nitzschia taxa have a restricted distribution within the Antarctic Region, showing a clear bioregionalism.
IntroductIon
The Maritime Antarctic Region is defined as the region north of the so-called Gressit-line, between 70°S and 55°S and includes a series of islands and archipelagos as well as the west coast of the Antarctic Peninsula south to Marguerite Bay (cHown & convey 2007; Kopalová et al. 2014 ). The region is characterized by a sparse and species-low tundra with lichens and mosses dominating the landscape .
Prior to 2008, the diatom flora of Maritime Antarctic Region was only poorly studied, resulting in older floras mainly composed of cosmopolitan taxa . As a consequence, these older floras underestimated the diatom species richness in the region by lumping many discrete morphologies into a single species or force-fitting presumably new species into European and North American relatives (Kopa-lová et al. 2009; . Recently however, in the framework of a detailed survey of the Maritime Antarctic diatom flora applying a more fine-grained taxonomy, a large number of new species, in for instance the genera Hantzschia Grunow, Luticola D.G.mann in round, R.M.crawford, & D.G. mann, Muelleria (frenG.) frenG., Pinnularia eHrenb. and Stauroneis eHrenb. were observed and described (e.g., van de vijver & mataloni 2008; Kopalová et al. 2011; van de vijver et al. 2010 , 2011 Zidarova et al. 2010 Zidarova et al. , 2012 Zidarova et al. , 2014 . These studies led to the overall conclusion that not all Maritime Antarctic islands share a similar flora and while the diversity of this flora is limited compared to more temperate or tropical localities, many of the newly discovered taxa are endemic to the region and not cosmopolitan as was previously reported (van de vijver et al. 2005; Kopalová et al. 2014) .
The present study focuses on the genus Nitz-schia Hassall observed in two localities within the Maritime Antarctic Region: the South Shetland Islands and James Ross Island. Only a few freshwater Nitzschia species have been described from the Antarctic Region. Two species were described from continental Antarctica: N. frauenfeldii var. antarctica peraG. (peraGallo 1921) and N. westiorum T.E. KelloGG et d.b.KelloGG (KelloGG et al. 1980; van de vijver et al. 2012) . manGuin (in bourrelly & manGuin 1954) described one new variety (N. frustulum var. kerguelenensis manGuin) and one new forma (Nitzschia ignorata f. longissima manGuin) from the sub-Antarctic Kerguelen Islands. On the nearby Crozet archipelago, van de vijver et al. (2002) described N. chardezii van de vijver & beyens. Apart from these four taxa, previous literature reports on the Nitzschia flora from the Antarctic Region suggest that only cosmopolitan taxa such as N. commutata Grunow and N. perminuta (Grunow) peraG. (KelloGG & KelloGG 2002 and references therein) are present. The purpose of this study is to illustrate twelve Nitzschia taxa observed on the South Shetland Islands (Livingston Island, Deception Island, King George Island, Nelson Island and Dart Island) and James Ross Island (Clearwater Mesa and Ulu Peninsula), including the description of 8 new species using LM and SEM observations. The species are compared with similar taxa worldwide. Notes on their ecology and distribution in the Maritime Antarctic Region are included.
MaterIals and Methods
Samples were collected from various aquatic and terrestrial habitats on the South Shetland Islands and several lakes on Clearwater Mesa and Ulu Peninsula (James Ross Island) (Fig. 1) . The South Shetland Islands (SSI), situated just north of the Antarctic Peninsula (63°00'S, 60°00'W), consist of several larger and many smaller islands and islets, with King George Island (1150 km²) and Livingston Island (972 km²) being the largest. Other important islands include Deception Island, Nelson Island and Snow Island. Most of the landmasses are covered by permanent ice and snow, leaving only small parts ice-free. The terrestrial vegetation is limited to lichens and mosses with only two flowering plants (Colobanthus quitensis [KuntH] bartlinG and Deschampsia antarctica desvaux). The climate is typically maritime with mean annual temperatures around -5 °C, high precipitation rates and strong westerly winds (cHipev & veltcHev 1996) . The largest ice-free area on Livingston Island, Byers Peninsula (60.6 km²), situated in the western part of island, is dominated by a central plateau with a gently undulating relief culminating at a maximum elevation of 265 m (Cerro Start). More than 100 lakes and ponds of variable size are scattered over the entire peninsula, covering about 1.5% of its area (lópeZ-martíneZ et al. 1996a, b) . More information about the geology and hydrography of Byers Peninsula can be found in toro et al. (2007) . James Ross Island (JRI) (64°10'S, 57°45'W) is a large island (2450 km²) located further south than the SSI in the Maritime Antarctic Region, in the northwestern part of the Weddell Sea, close to the northern tip of the Antarctic Peninsula. The island is situated in the transition zone between the Maritime Antarctic Region and the Antarctic Continent (Øvstedal & lewis-smitH 2001) . Only its northern part, the Ulu Peninsula, is ice-free. Another area on JRI, Clearwater Mesa, is a volcanic tableland composed of single hyaloclastite breccia unit capped with subaerial basalt of the JRI Volcanic Group (nelson 1975; Košler et al. 2009 ). On the flat mesa surface (mostly 250-300 m a.s.l.) tens of lakes evolved after the glacier retreat during the early Holocene (nedbalová et al. 2013) . These lakes with a littoral zone covered by microbial mats are generally shallow and usually old with a persistence of thousands of years (nedbalová et al. 2013) . The terrestrial vegetation is limited to non-vascular plants, forming a bryophyte-lichen tundra. The temperature is comparable to the SSI but precipitation is limited to only 150 mm/y in the northern part (aristarain et al. 1987) , with high evaporation rates reducing the formation of large open water bodies. Sampling methods follow those described in Kopalová et al. (2012 Kopalová et al. ( , 2014 and . Details on the physico-chemical analyses, recorded from Livingston Island and James Ross Island (pH, conductivity, nutrients) can be found likewise in these references. On King George Island, Nelson Island and Dart Island (SSI) only water temperature, specific conductance value and pH were measured in situ using Hanna® testers.
Diatom samples were prepared following the method described in van der werff (1955) . Small parts of the samples were cleaned by adding 37% H 2 O 2 and heating to 80 °C for about one hour, followed by addition of KMnO 4 . After digestion and centrifugation (3 × 10 minutes at 3700g), the material was diluted with distilled water to avoid excessive concentrations of diatom valves. Cleaned diatom valves were mounted in Naphrax®. Samples and slides are stored at the BR-collection, property of the Belgian Federal Government and given on permanent loan to the Botanic Garden Meise (Belgium). The slides were analyzed using an Olympus BX53 microscope, equipped with Differential Interference Contrast and the Colorview I Soft Imaging System. For scanning electron microscopy (SEM), part of the suspension was filtered through polycarbonate membrane filters with a pore diameter of 1 µm, pieces of which were fixed on aluminum stubs after air-drying. The stubs were sputter-coated with 20 nm of Au-Pd and studied in a Zeiss Ultra microscope at 3 kV. Terminology is based on Hendey (1964), ross et al. (1979) and round et al. (1990) . Stria and fibulae density were determined in counting striae and fibulae in 10 µm, starting near the valve center to one of the apices. For each new taxon, the number of specimens measured at random on the type slide is indicated (n=X).
results
A total of twelve Nitzschia taxa were observed in the investigated material. After a thorough morphological analysis based on light and scanning electron microscopy observations, only four were already known taxa: Nitzschia gracilis HantZscH, N. homburgiensis lanGe-bertalot, N. paleacea Grunow and N. soratensis E.a.morales et m.l.vis. Eight species could not be identified and are described as new: Nitzschia annewillemsiana sp. nov., N. australocommutata sp. nov., N. kleinteichiana sp. nov., N. stelmachpessiana sp. nov., N. vancauwenberghiana sp. nov., N. vandeputteana sp. nov., N. velazqueziana sp. nov. and N. wilmottiana sp. nov .
Nitzschia annewillemsiana sp. nov. (Figs 2-22)

Description Light microscopy (Figs 2-18):
Frustules with nitzschioid symmetry. Valves lanceolate in valve view, with convex margins, tapering gradually to acutely rounded, never protracted apices. Valve dimensions (n=50): length 10-20 µm, width 3-4 µm. Striae clearly punctate, parallel at the center of the valve, becoming weakly curved and convergent towards the apices, 24-26 in 10 µm. Robust marginal fibulae evenly spaced but of varying widths with a distinct central nodule present on some specimens, 11-12 in 10 µm. Canal raphe eccentric, raised on a keel above the surface of the valve. Raphe slit not continuous.
Scanning electron microscopy (Figs 19-22):
Raphe situated on the border between the valve face and the mantle, on a slight keel above the surface of the valve. Hyaline area present opposite the raphe. Raphe not continuous. External proximal raphe endings slightly deflected, almost not enlarged. Distal raphe fissures strongly hooked. Striae uniseriate, evenly spaced throughout the valve, mostly composed of large, elliptical areolae. Striae from the valve face and the mantle ending in one, occasionally two rows of two smaller, round areolae, on both sides of the raphe. Virgae are slightly thicker than vimines, especially closest to the raphe. Elliptical areolae are occluded by hymenes. Internal proximal raphe endings terminating in simple pores on a thickened central nodule. Internal distal raphe endings terminating in helictoglossae prior to the hook of the external terminal fissure. Internally, canal raphe subtended by fibulae widening to the valve face to form round portulae. Fibulae evenly spaced throughout the valve, every 1-2 striae.
Holotype: BR-4409 (Botanic Garden Meise, Belgium), Fig. 4 represents the holotype specimen. Isotypes: PLP-280 (University of Antwerp, Belgium), BRM-ZU10/20 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Red Lake, Ulu Peninsula, James Ross Island, sample JRI-D28 (63°54'33.3"S, 57°47'46.3" W) (Leg. L. nedbalová); coll. date 22/02/2008). Etymology: The species is named after Prof. Dr. anne willems (Ghent University, Belgium), principal investigator of the CCAMBIO project.
Ecology and Distribution:
Nitzschia annewillemsiana has so far been observed with certainty on James Ross Island as well as on Livingston Island and King George Island (South Shetland Islands). It is likely it is much more widespread in Antarctica, but has most likely been recorded as Nitzschia frustulum (KütZ.) Grunow or N. perminuta, making its actual distribution unknown. On King George Island small populations were found on the bottom of small brooks and ponds/ lakes having an alkaline pH (7.8-8.5) and low specific conductance values (85-202 µS.cm -1 ). Another relatively large population was found occurring in wet mosses surrounding a small shallow brook. On Livingston Island, N. annewillemsiana was often recorded in small brooks and on very wet soil around water bodies.
Taxonomic Remarks: Nitzschia annewillemsiana was previously identified as part of the Nitzschia perminuta-complex as 'N. perminuta-non-capitate form' (Kopalová & van de vijver 2013; ). It can be separated from the other two taxa that were split off (N. kleinteichiana sp. nov. and N. velazqueziana sp. nov., see below) by the lack of protracted valve apices, the less linear but clearly lanceolate valve outline (with typically convex valve margins) and the typical punctate striae, clearly visible in LM. In both other taxa, areolae are less discernible in LM. The most similar species (in LM), based on valve outline, appears to be N. frustulum (KütZ.) Grunow but the latter can be separated by the structure of the striae. In N. frustulum, the striae terminate at the raphe in one single areola, not differentiated from the other areolae (trobajo et al. 2013) whereas in N. annewillemsiana, striae terminate in one or two rows of 2 small areolae. This also applies for other Nitzschia species belonging to the same complex such as N. inconspicua Grunow and N. acidoclinata lanGe-bert. A similar structure can be however found in N. soratensis (see for instance our figs 135 & 137) but the latter has a different valve outline with broadly, obtusely rounded valve apices and parallel, straight margins contrary to the lanceolate, convex valve outline of N. annewillemsiana. Nitzschia bulnheimiana (rabenH.) Grunow has larger valve dimensions (width 4-4.7 µm) with a lower stria density (max. 22 in 10 µm) and a different stria and areola structure (denys & lanGe-bertalot 1998). According to denys & lanGe-bertalot (1998, Figs 28, 29) , areolae in N. bulnheimiana only rarely are doubled near the raphe, contrary to N. annewillemsiana. Finally, N. invisitata Hust. has a somewhat similar valve outline with non-protracted, acutely rounded apices but shows clear differences in the areola structure bordering the raphe as can be seen in trobajo et al. (2013, Figs 106-111) . 
Nitzschia australocommutata sp. nov. (Figs 23-30, 33-36)
Description Light microscopy (Figs 23-30):
Frustules with nitzschioid symmetry. In valve view, valves asymmetrical to the apical axis, linear to slightly reniform, asymmetrically constricted in the valve middle, with beak-shaped to rostrate produced apices. Valve dimensions (n=20): length 55-70 µm, width 5-6 µm. Striae punctate, mostly parallel with slight convergence towards the central nodule and the apices, 20-21 in 10 µm. Marginal fibulae transapically elongated irregularly spaced, 8-10 in 10 µm. Distinct central nodule present. Canal raphe eccentric, raised on a keel above the surface of the valve. Raphe slit not continuous.
Scanning electron microscopy (Figs 33-36):
Raphe situated on a hyaline area on a keel, positioned on the border between the valve face and the mantle. Raphe not continuous. External proximal raphe endings terminating in a simple pore ( Fig. 33 ), adjacent to a larger fan-shaped hyaline central area (Figs 35, 36) on the valve face. External distal raphe endings strongly hooked. Striae mostly composed of round areolae evenly spaced throughout the valve, with the exception of the hyaline area adjacent to the proximal raphe endings. Virgae wider than vimines. Striae continuing from valve face onto the keel. Areolae externally occluded by perforated hymenes (Fig. 36 ), 32-35 in 10 µm. From the interior, canal raphe subtended by fibulae connecting to the valve, continuous with virgae. Portulae absent. Fibulae irregularly spaced, every 1-4 striae.
Holotype: BR-4410 (Botanic Garden Meise, Belgium), fig. 25 represents the holotype. Isotypes: PLP-281 (University of Antwerp, Belgium), BRM-ZU10/21 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Clearwater Lake 3, Clearwater Mesa, James Ross Island, sample CLW-D60 (64°01'48.1" S, 57°42'49.5"W) (Leg. L. nedbalová); coll. date 09/02/2009). Etymology: The specific name refers to the biogeographic distribution of the species in the southern hemisphere and the similarity with N. commutata Grunow in cleve & Grunow. (2006) as N. commutata. The type population of N. australocommu-tata was observed in a lake on the Clearwater Mesa tableland. The lake was characterized by an alkaline pH (8.3) and a moderate conductivity (<500 µS.cm -1 ). The new taxon was also found in other lakes of the same area in similar ecological conditions but populations were always very small.
Taxonomic remarks: Nitzschia australocommutata has been frequently confused in past Antarctic reports with N. commutata. Analysis of the type material (slide n° VI-48-B6 in the Van Heurck collection, Botanic Garden Meise) of the latter (Figs 31, 32) reveals however several differences that can be used to separate both taxa. Nitzschia commutata has a less linear valve outline but shows on the contrary more convex valve margins. In N. australocommutata, the valve margins hardly become convex between the valve center and the apices. The apices in N. commutata are also less protracted and show a more acutely rounded end. Although both taxa show a similar stria density (19-21 in 10 µm in N. commutata), the striae in N. australocommutata are slightly coarser with discernible areolae in LM whereas in N. commutata the areolae are less visible in LM. Other comparable taxa include some taxa that are considered as synonyms of N. commutata. Nitzschia subamphioxoides Hust., described from Austria (Hustedt 1959) , shows a similar valve outline but is much longer (75-100 µm) and somewhat wider (6-7 µm). Nitzschia pamirensis Hust. (formerly N. ostenfeldii van HeurcK) has shorter, more sturdy valves with a higher stria density (up to 24 striae in 10 µm). It is possible that Nitzschia dubia var. australis peraG. could be conspecific but since the material collected by peraGallo is no longer available (M. Coste, IRSTEA Bordeaux, pers. comm.), it is impossible to revise this species.
Nitzschia gracilis hantzsch (Figs 37-59)
Light microscopy (Figs 37-55): Frustules with nitzschioid symmetry. In valve view, valves linear to linear-lanceolate with straight margins and long protracted, thin apiculate apices. Valve length (n=50): length 14-75 µm, width 2-3 µm. Striae not discernible in LM. Marginal fibulae very small, usually evenly spaced, 16-20 in 10 µm. Canal raphe eccentric. Raphe slit is continuous.
Scanning electron microscopy (Figs 56-59):
Raphe continuous, situated on a keel on a hyaline area on border between the valve face and the mantle. External distal raphe endings hooked. Striae composed of rectangular to elliptical areolae with hymenate occlusions, ca. 55 in 10 µm. Virgae wider than vimines. Areolae small, evenly spaced throughout the valve, with the exception of one row of larger, rectangular areolae closest to the raphe on the keel, ca. 60-70 in 10 µm. Internally, areolae round. Internal distal raphe endings terminating into helictoglossae prior to the hook of the external terminal fissure. Internally, canal raphe subtended by fibulae widening to the valve face to form round portulae. Fibulae evenly spaced throughout the valve, every 1-2 striae.
Ecology and Distribution:
Nitzschia gracilis is a cos-mopolitan, widespread species and a very common species in the sub-Antarctic and Maritime Antarctic Regions (KelloGG & KelloGG 2002) . On Livingston Island (South Shetland Islands) and James Ross Island, it was often found dominantly in larger lakes, seepages and wet moss vegetation with populations exceeding occasionally 50% of the total number of counted val- ves. On Nelson Island and King George Island (South Shetland Islands) N. gracilis was commonly observed in streams and brooks having a neutral to alkaline pH (7.0-9.9) and a low specific conductance value (76-257 µS.cm -1 ). A large population (42% of the total number of counted valves) was found on a very wet rock among thin slimy mats on King George Island. Occasionally the species was found in soil.
Taxonomic Remarks:
There are at present no SEM observations of the type material of Nitzschia gracilis available. Comparison with specimens on the slide of rabenHorst (Algen Europas 946) (van HeurcK-collection, IV-25-B8) shows no morphological difference with the Antarctic populations. The smallest specimens weakly resemble Nitzschia agnita Hust. but the latter shows more convex, instead of parallel margins and shorter, more acutely ending apices (Krammer & lanGe-bertalot 1988) .
Nitzschia homburgiensis lange-Bertalot (Figs
60-76)
Light microscopy (Figs 60-74):
Frustules with nitz-schioid symmetry. Valves linear in valve view and distinctly constricted at the center with narrowly rostrate, produced apices. Valve dimensions (n=25): 23-41 µm, width 4-5 µm. Striae almost not discernible in LM, only slightly visible with DIC or oblique lighting. Fibulae irregularly spaced, usually transapically elongated, variable in shape and size with a distinct central nodule, 10-14 in 10 µm. Canal raphe eccentric. Raphe is not continuous.
Scanning electron microscopy (Figs 75-76):
Raphe situated on a slightly raised keel between the valve face and the mantle. External proximal raphe endings curved, terminating in a simple pore. External distal raphe endings strongly hooked. Proximal raphe endings terminating in helictoglossae. Distal raphe ends terminating onto small helictoglossae prior to the hook of the external terminal fissure. Striae parallel at the valve center becoming convergent towards the apices and continuing from the valve face onto the mantle, ca. 38-40 in 10 µm. Striae composed of elliptical areolae evenly spaced throughout the valve. Virgae wider than vimines throughout the valve. One row of areolae closest to the raphe occluded by hymenes. Internally, Taxonomic remarks: Nitzschia homburgiensis was described in 1978 by lanGe-bertalot to separate it from the larger Nitzschia umbonata (eHrenb.) lanGebert. Careful comparison between the morphology of the Antarctic population and the description and illustrations in lanGe-bertalot (1978) revealed no significant differences, confirming the identification of the former as N. homburgiensis. Valves can however be somewhat smaller than the type population as the original description mentions 32-52 µm whereas the Antarctic populations range from 23 to 41 µm. (n=50): length 18-23 µm, width 2-3 µm. Striae weakly, but visibly punctate, parallel at the valve center becoming slightly convergent towards the apices, 27-30 in 10 µm. Fibulae evenly spaced, except for the distinct central nodule, 11-13 in 10 µm. Canal raphe eccentric, raised on a keel above the surface of the valve. Raphe slit not continuous.
Scanning electron microscopy (Figs 94-97):
Raphe situated on the border of the valve face and the mantle, raised on a keel above the surface of the valve. Narrow hyaline marginal ridge opposite the raphe. Striae uniseriate, evenly spaced throughout the valve, composed of small, elliptical to round areolae. Each stria on the valve face and mantle terminating on either side of the raphe in 1-2 series of mostly 2, rarely 1, smaller, round areolae. Virgae slightly thicker than vimines, especially closest to the raphe. Areolae with hymenate occlusions, positioned medially and best seen from the inside of the valve. External proximal raphe endings termi-nating in a simple pore, weakly deflected. External distal raphe endings strongly hooked, terminating in an expanded opening. Internal distal raphe ends terminating in helictoglossae prior to the hook of the external terminal fissure. Internally, canal raphe subtended by fibulae widening to the valve face to form round to elliptical portulae, with a slightly larger portula near the proximal raphe endings. Fibulae of varying widths, every 1-2 striae. common of the three taxa in the N. perminuta complex that were separated and often dominating the flora. It shows a broad ecological amplitude and was found in lakes, ponds, rivers, seepage areas and mosses.
Taxonomical remarks: Nitzschia kleinteichiana is morphologically similar to N. velazqueziana sp. nov. and N. annewillemsiana. Nitzschia annewillemsiana differs with more convex valve margins, broader valves (3-4 vs. 2-3 µm) and a lower stria density (24-26 vs. 27-30 in 10 µm), and lacks the typical protracted, rostrate apices of N. kleinteichiana. Nitzschia velazqueziana shares the same valve outline with rostrate apices and almost parallel, only weakly convex margins (different from N. annewillemsiana). The main difference between N. velazqueziana and N. kleintechiana, clearly visible in LM, can be found in the stria density: 24-25 vs. 27-30 in 10 µm, respectively). In the SEM, N. velazqueziana has a continuous raphe externally whereas in N. kleinteichiana, separated proximal raphe endings can be seen. The same structure is also found in N. soratensis but the latter can be separated based on a different valve outline, with non-protracted, broadly rounded apices. Nitzschia acidoclinata has a quite developed central nodule, visible in a very clear gap in the fibulae near the valve center, making all conspecificity between the latter and both N. velazqueziana and N. kleinteichiana unlikely. Most similar however is the complex of species around N. perminuta. The ultrastructure of the type of N. perminuta is at present unclear. Krammer & lanGe-bertalot (1988) published two pictures of the type material (plate 72, figs 1-2A). These two valves show broader, linearlanceolate valves than N. kleinteichiana with typically convex margins and clearly protracted apices and a stria density of ca. 30 in 10 µm. According to antoniades et al. (2008) , N. perminuta shows a continuous external raphe, contrary to N. kleinteichiana that has clear external proximal raphe endings. These features all exclude conspecificity.
Nitzschia paleacea grunow (Figs 98-121)
Light microscopy (Figs 98-119) : Frustules with nitzschioid symmetry. Valves linear to narrowly lanceolate in valve view with narrowly rounded apices. Valve dimensions (n=20): length 17-46 µm, width 1.5-2.5 µm. Striae very fine, not discernible in LM. Fibulae evenly spaced, except for a distinct central nodule where fibulae show a distinct gap in the middle, 17-20 in 10 µm. Canal raphe eccentric, raised on a slight keel above the valve surface. Raphe slit not continuous. Figs 120-121) : Raphe situated on a slight keel, positioned on the junction between valve face and mantle. External proximal raphe endings close together, terminating in a simple pore. External distal raphe fissures strongly hooked. Internal proximal raphe endings terminating straight and not enlarged. Clear central nodule present between the proximal endings. Striae parallel throughout the valve, mostly composed of evenly spaced elliptical to round areolae, ca. 54 in 10 µm. Striae continuing from the valve face onto the keel. Virgae wider and thicker than vimines throughout the valve. Areolae externally occluded by perforated hymenes. Internal distal raphe ends terminating in helictoglossae prior to the hook of the external terminal fissure. Internally, canal raphe subtended by fibulae widening to the valve face to form round to elliptical portulae, with a larger portula surrounding the proximal raphe ends. Fibulae evenly spaced throughout the valve, located on every 1-4 striae.
Scanning electron microscopy (
Ecology and distribution:
Nitzschia paleacea is a very common, cosmopolitan species that has been reported from a large number of Maritime and sub-Antarctic localities. KelloGG & KelloGG (2002) list several records from the South Shetland Islands and the South Orkney Islands. The largest populations of the species were found on Livingston Island and James Ross Island, often with relative abundances exceeding 40% of all counted diatoms (Kopalová & van de vijver 2013; . The species was observed in lakes, rivers, seepage areas and wet moss vegetation.
Taxonomic remarks:
The morphology of the An-tarctic populations shows almost no differences with the type specimens of N. paleacea represented in Krammer & lanGe-bertalot (1988: plate 81, figs 2, 3) and hence conspecificity is more than likely. The species is very characteristic by the typical gap in the fibulae near the valve center and the very high density of striae in 10 µm. near the valve center becoming convergent towards the apices, 28-30 in 10 µm. Fibulae evenly spaced but of varying widths, 11-12 in 10 µm. Central nodule present. Canal raphe eccentric. Raphe slit not continuous. Figs 137-140) : Raphe situated eccentrically between the valve face and the mantle. External proximal raphe endings almost straight, terminating in a simple pore. External distal raphe fissures short, weakly hooked towards the mantle, terminating on the mantle before the apex of the valve. Proximal raphe endings terminating on a distinct central nodule. Distal raphe endings terminating in helictoglossae prior to the hook of the external terminal fissure. Striae evenly spaced throughout the valve, composed of small, elliptical to round areolae. Striae on valve mantle and valve face terminating in two smaller areolae located next to the raphe forming, together with one isolated areola per stria a triplet. Occasionally, areolae in the triplet fused together to form one large areola. Virgae wider and thicker than vimines throughout the valve. Internally, round areolae occluded by medially-placed hymenes. Internally, canal raphe subtended by fibulae widening to the valve face to form round to elliptical portulae, with a slightly larger portula surrounding the proximal raphe ends. Fibulae evenly spaced throughout the valve, separated by 1-2 striae.
Scanning electron microscopy (
Ecology and Distribution:
Nitzschia soratensis is a common, though never dominant (< 15%), constituent of the diatom flora in lakes and pools of the Maritime Antarctic Region. So far the species has been confirmed from Livingston Island (i.e. Zidarova 2008, as N. inconspicua), King George Island and James Ross Island. On James Ross Island, several larger populations were found in alkaline lakes (pH 7.7-8.8) with a moderate conductivity (200-400 µS.cm -1 ). On King George Island (South Shetland Islands) only small populations were observed in small ponds and streams with slightly alkaline pH (7.8) and low conductivity (118-200 µS.cm-1). Figs 154-155) : Raphe situated on a keel, eccentrically positioned on the border between the valve face and the mantle (Fig. 152) . Opposite the raphe, a hyaline marginal ridge present. External proximal endings straight, simple. External distal raphe endings hooked. Internal distal raphe endings terminating in small helictoglossae positioned on the mantle. Striae parallel in the valve center becoming convergent towards to the apices. Striae composed of evenly spaced, small, round areolae with a row of smaller areolae closest to the raphe, ca. 52 in 10 µm. Virgae only slightly wider than vimines. Areolae externally occluded by hymenes. Internally, canal raphe subtended by fibulae widening to the valve face to form round portulae. Fibulae almost evenly spaced throughout the valve, every 1-2 striae.
Taxonomic remarks: The Antarctic populations of
SEM microscopy (
Holotype: BR-4412 (Botanic Garden Meise, Belgi- um), fig. 143 represents the holotype specimen. Isotypes: PLP-283 (University of Antwerp, Belgium), BRM-ZU10/23 (Hustedt Collection, Bremerhaven, Germany) . Type locality: soil near Muddy Lake, Ulu Peninsula, James Ross Island, sample JRI-D18 (63°51'50.1" S, 57°57'12.2"W) (Leg. L. nedbalová), coll. date 01/02/2008). Etymology: the species is named after Mr. iGor stel-macH pessi, member of the CCAMBIO-project.
Ecology and distribution: Nitzschia stelmachpessiana was found in only one sample taken from soil near Muddy Lake on James Ross Island. The soil was covered with salt precipitates. Single valves were also observed on Livingston Island (Zidarova, pers. obs.). However, it is possible that some of the records of N. pusilla Grunow listed in KelloGG & KelloGG (2002) for the Maritime Antarctic Region represent N. stelmachpessiana.
Taxonomic remarks: The most similar species to
Nitzschia stelmachpessiana is N. pusilla. Krammer & lanGe-bertalot (1988, plate 79, figs 16-28) show several valves from brackish environments that could be associated to N. pusilla but are probably not conspecific (Krammer & lanGe-bertalot 1988) . Nitzschia stelmachpessiana can however be discriminated by differences in valve outline. Contrary to N. pusilla, N. stelmachpessiana shows less symmetry in valve margins with a less convex margin on the side lacking the fibulae and a more rounded margin on the fibulae-bearing side. The fibulae-lacking side shows in many specimens of N. stelmachpessiana a typical narrowing just below the apices, a feature absent in N. pusilla. The apices in N. stelmachpessiana are also more protracted and narrower than in N. pusilla. Nitzschia retusa lanGe-bert. & boniK, often considered to be a synonym of N. pusilla, can be distinguished by more obtusely rounded apices (lanGe-bertalot & boniK 1976) . Some valves identified in trobajo et al. (2009) show a striation density of ca. 48 in 10 µm but can always be separated based on the more regularly spaced fibulae in N. stelmachpessiana whereas N. palea typically presents a very irregular fibula pattern.
Nitzschia vancauwenberghiana sp. nov. (Figs 156-166)
Description
Light microscopy (Figs 156-164) : Frustules with nitzschioid symmetry. Valves broad, lanceolate in valve view, with straight although sometimes constricted margins. Apices apiculate, clearly protracted. Valve dimensions (n=15): length 31-35 µm, width 5-6 µm. Striae clearly visible in LM, punctate, parallel throughout the entire valve, 30-32 in 10 µm. Fibulae transapically elongated, evenly spaced, 9-10 in 10 µm. Canal raphe eccentric. Raphe slit continuous. Figs 165-166) : Continuous raphe situated on a keel between the valve face and the mantle. Narrow hyaline marginal ridge present opposite the raphe. External distal raphe fissures strongly hooked. Striae composed of irregularly spaced elliptical to round, rather large areolae, extending from the valve face onto the keel and the mantle. Virgae slightly wider and thicker than vimines, especially close to the raphe. Areolae internally occluded by hymenes (Fig. 166) . Internally, canal raphe subtended by fibulae. Fibulae evenly spaced throughout the valve, separated by 2-3 striae.
Scanning electron microscopy (
Holotype: Belgium) , fig. 157 represents the holotype specimen. Isotypes: PLP-284 (University of Antwerp, Belgium), BRM-ZU10/25 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Clearwater Lake 4, Clearwater Mesa, James Ross Island, sample CLW-D62 (64°01'58.0" S, 57°43'40.7"W) (Leg. L. nedbalová); coll. date 10/02/2009). Etymology: the species is named after Mrs. maaiKe van cauwenberGHe (BELSPO) to thank her for all her efforts regarding the CCAMBIO project.
Ecology and distribution: Nitzschia vancauwenberghiana was only found in several samples on Clearwater Mesa (James Ross Island). The largest population was found in Clearwater Lake 4, an alkaline lake (pH 8.5) with a high conductivity (4000 µS.cm -1 ). The sample was dominated by Denticula jamesrossensis van de vijver et al.
Taxonomic remarks:
The irregular spacing of the areolae within the striae, clearly visible in LM, gives this new species a very characteristic look that is only found in a few Nitzschia species worldwide. Nitzschia sigma (KütZ.) w.smitH is much larger with a different valve outline showing elongated, acute apices. The most similar taxa are however N. vitrea G. norman and its variety salinarum Grunow. Both are however much larger with a valve width up to 14 µm with a lower striae density (24-25 vs. 30-32 in 10 µm in N. vancauwenberghiana) making conspecificity unlikely (Krammer & lanGe-bertalot 1988) .
Nitzschia vandeputteana sp. nov. (Figs 167-182)
Description
Light microscopy (Figs 167-179) : Frustules with nitzschioid symmetry. Valves linear to narrowly lanceolate, with straight to slightly concave margins and clearly protracted, rostrate apices in longer specimens, only weakly protracted, cuneately ending apices in smaller valves. Valve dimensions (n=25): length 17-32 µm, width 3-4 µm. Striae with a rather thick appearance, parallel at the valve center becoming slightly convergent towards the apices, 18-20 in 10 µm. Fibulae hardly discernible in LM, located at the end of each interstria. Canal raphe eccentric, not raised on a keel. Raphe slit continuous. Figs 180-182) : Continuous raphe situated on the junction between the valve face and the mantle. Keel absent. The raphe canal is embedded in the valve at the valve face-mantle junction, rather than being raised on a keel (contrast for example, N. vancauwenbergiana: Fig. 165 ). External distal raphe fissures hooked. Striae biseriate, evenly spaced throughout the entire valve, composed of round areolae. Near the raphe, areolae equidistantly arranged in two apically running series. Virgae wider than vimines throughout the valve. Internally, each virga bears a fibula. Canal raphe subtended by short fibulae that widen slightly towards the valve face, continuous with, and of equal number to, the virgae. Portulae absent. Valvocopula an open band with a single row of areolae and scalloped extensions that meet up with each of the fibulae (Fig. 182) .
Scanning electron microscopy (
Holotype: BR-4414 (Botanic Garden Meise, Belgium), fig. 168 represents the holotype specimen. Isotypes: PLP-285 (University of Antwerp, Belgium), BRM-ZU10/24 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Dart Island (King George Island area), South Shetland Islands, sample DAR4 (62 o 13' 55.8" S, 59 o 00' 34.5" W) (Leg. R. Zidarova); coll. date 20/02/2013). Etymology: The species is named after dr. anton vandeputte, member of the CCAMBIO-project.
Ecology and distribution:
So far the species has only been found in one sample collected from Dart Island, the latter located in the Fildes strait between King George Island and Nelson Island. The sample was taken from the bottom of a shallow coastal half-frozen pool covered by thick cyanobacterial mats. The pool had an alkaline pH (9.4) and a moderately high conductivity value (574 µS.cm -1 ). Other diatom taxa present in the sample included Staurosira pottiezii van de vijver, Stauroforma exuguiformis (lanGe-bert.) flower et al. and N. wilmottiana sp. nov.
Taxonomical remarks:
The taxonomic position of Nitzschia vandeputteana is at present not entirely clear as the species shows morphological features of several nitzschioid genera: Nitzschia, Denticula, Fragilariopsis and Pseudo-nitzschia, the latter two genera being exclusively marine. The structure of the raphe is typical for the genus Nitzschia and Denticula. Fragilariopsis has short external distal raphe endings, always lacking distal fissures, whereas these are common in the genus Nitzschia. It never forms Pseudo-nitzschiatype colonies, which Hasle (1994) considered to be one of the key features of the latter genus (although some non-colonial species have been observed since 1994). The valve outline of N. vandeputteana has also never been observed within the genera Pseudonitzschia and Fragilariopsis. The structure of the striae is on the other hand a feature that is shared with many Pseudo-nitzschia taxa. Contradicting its position within Nitzschia is also the presence of the thickened transapical ribs giving the impressions that the fibulae extend across the entire transapical axis. This is often found within the genera Denticula, Pseudo-nitzschia and Fragilariopsis but seems absent within the genus Nitzschia. Denticula rainierensis sovereiGn and D. subtilis Grunow, weakly resemble N. vandeputteana, but both are smaller (7-20 µm), multi-instead of biseriate, and are common in hot or warm springs and estuaries (HamsHer et al. 2014) . Although probably preliminary, the placement of this species in the genus Nitzschia seems at present the most acceptable, despite the genus Nitzschia not being monophyletic as currently circumscribed (lundHolm et al. 2002; rimet et al. 2011) .
Several Nitzschia taxa show some resemblance to N. vandeputteana. Nitzschia westiorum, one of the only Nitzschia taxa present on the Antarctic Continent, shows a different external surface structure with raised ribs between the striae, a feature never observed in N. vandeputteana. Moreover, N. westiorum has a lower number of striae (14-16 vs 18-20 in 10 µm) and rostrate to capitate-produced apices (van de vijver et al. 2012). Nitzschia angustatula lanGe-bert. has a similar appearance in LM but the SEM pictures published in lanGe-bertalot & Krammer (1987) show an entirely different ultrastructure with raised external ribs, differently structured fibulae, the absence of fibulae extending across the entire valve and the presence of external proximal raphe endings.
Nitzschia velazqueziana sp. nov. (Figs 183-201)
Description
Light microscopy (Figs 183-197) : Frustules with nitzschioid symmetry. Valves linear to narrowly lanceolate in valve view with weakly rostrate to cuneate apices. Valve dimensions (n=50): length 19-34 µm, width 2-3 µm. Striae parallel throughout the entire valve, 24-26 in 10 µm. Marginal fibulae evenly spaced but of varying widths, 11-12 in 10 µm. Canal raphe eccentric, raised slightly on a keel above the surface of the valve. Raphe slit continuous. Figs 198-201) : Continuous raphe situated on a slight keel. Narrow hyaline area present opposite the raphe. External distal raphe ends hooked. Striae uniseriate, evenly spaced throughout the valve, mostly composed of elliptical areolae.
Scanning electron microscopy (
Virgae much wider and thicker than the vimines. Striae from the valve face and the mantle ending in one, occasionally two rows of two smaller, round areolae, on both sides of the raphe. Internally, elliptical areolae occluded by hymenes. Internal distal raphe ends terminating in small, indistinct helictoglossae positioned on the valve mantle and prior to the hook of the external terminal fissure. Internally, canal raphe subtended by fibulae widening to the valve face to form round portulae. Fibulae evenly spaced throughout the valve every 1-2 striae.
Holotype: BR-4415 (Botanic Garden Meise, Belgium), fig. 187 represents the holotype. Isotypes: PLP-286 (University of Antwerp, Belgium), BRM-ZU10/26 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Katia Lake II, Ulu Peninsula, James Ross Island, sample JRI-D14 (63°52'15.9"S,57°58' 32.5"W) (Leg. L. nedbalová); coll. date 01/02/2008). Etymology: The species is named after david velaZqueZ, member of the CCAMBIO-project.
Ecology and distribution:
This new species has most likely been confused in the past with presumably cosmopolitan taxa such as Nitzschia perminuta of N. frustulum, making the exact distribution of N. velazqueziana not known at present. The species was the least common of the three taxa in the N. perminuta complex that were separated on Livingston Island and James Ross Island. The species was most commonly found in lakes and pools with a slightly alkaline pH (7.3-7.7) and a low to moderately high conductivity (50-600 µS.cm -1 ). On Livingston Island, several large populations (25-50%) were also found in wet mosses.
Taxonomical remarks: Several discriminating features separate Nitzschia velazqueziana from N. kleinteichiana and N. annewillemsiana. Nitzschia annewillemsiana has more convex valve margins, lacks the typical protracted, rostrate apices and has broader valves (3-4 vs. 2-3 µm). Nitzschia kleinteichiana shares the same valve outline with rostrate apices and almost parallel, only weakly convex margins (separating these species from N. annewillemsiana). The main difference can be seen in the structure of the raphe. Nitzschia kleinteichiana has clearly developed external proximal raphe endings whereas N. velazqueziana has a continuous raphe lacking proximal endings. A second important difference is the stria density: 27-30 in N. kleinteichiana vs. 24-26 in 10 µm in N. velazqueziana. Additional differences can be found under Nitzschia kleinteichiana (see above). Nitzschia hantzschiana ra-benH. has a similar valve outline with slightly broader valves (3-5 µm) and a lower stria density (20-26 in 10 µm) (Krammer & lanGe-bertalot 1988; Hofmann et al. 2011) . Most typically, the latter species has a clearly developed central nodule resulting in a clear separation of the middle fibulae (Hofmann et al. 2011) . Nitzschia alpina Hust. has less developed rostrate apices and wider valves (3-4 µm) with more convex, less parallel margins (Hofmann et al. 2011) .
Nitzschia wilmotteana sp. nov. (Figs 202-218)
Description
Light microscopy (Figs 202-216) : Frustules with nitzschioid symmetry. Valves linear to narrowly lanceolate in valve view with narrowly-rounded to rostrate, produced apices. Valve dimensions (n=30): length 31.0-43.5 µm, width 3.5-4.0 µm. Striae not discernible in LM. Marginal fibulae evenly spaced but of varying widths, 12-14 in 10 µm. Canal raphe eccentric, raised on a slight keel above the valve surface. Raphe slit continuous.
Scanning electron microscopy (Figs 217-218):
Continuous raphe situated on a slight keel on the junction between valve face and mantle. Narrow hyaline area present opposite the raphe. External distal raphe endings are hooked. Striae composed of elliptical areolae, ca. 42 in 10 µm. Virgae slightly wider than vimines throughout the valve. Striae occluded by medially-placed cribra. Internal distal raphe endings terminating in helictoglossae prior to the hook of the external terminal fissure. From the interior, canal raphe subtended by small fibulae widening slightly to the valve face forming small round to elliptical portulae. Fibulae almost evenly spaced throughout the valve, one per every 2-3 striae.
Holotype: Belgium) , fig. 206 represents the holotype. Isotypes: PLP-287 (University of Antwerp, Belgium), BRM-ZU10/27 (Hustedt Collection, Bremerhaven, Germany) . Type locality: Noodle Lake, Clearwater Mesa, James Ross Island, sample JRI-D63 (64°02'02.1"S, 57°41' 00.4"W) (Leg. L. nedbalová; coll. date 10/02/2009) Etymology: The species is named after our colleague Dr. annicK wilmotte (Liège University, Belgium), principal investigator of the CCAMBIO-project.
Ecology and distribution:
The largest population of the new taxon was found on the type locality in Noodle Lake. This stable, shallow lake is characterized by an alkaline pH (8.1), a rather high conductivity (> 1000 µS.cm -1 ) and elevated nutrient, phosphate and sulphate levels. Smaller populations were observed in other Clearwater Mesa lakes showing similar pH and conductivity values. A small population was found on Dart Island (South Shetland Islands) in a small half-frozen pool with an alkaline pH (9.4) and moderately high conductivity value (574 µS/cm), together with N. vandeputteana. The species has so far not been observed in other Maritime Antarctic lakes, although it is possible that some of the records of N. palea (KütZ.) Grunow species complex represent N. wilmottiana Taxonomical remarks: Nitzschia wilmottiana resembles several Nitzschia taxa such as N. palea (and its variety debilis (KütZ.) Grunow), N. intermedia Han-tZscH and N. pura Hust. Nitzschia palea is a very variable species but typically shows a very irregular spacing of the fibulae. trobajo & Cox (2006) observed an irregular fibula pattern in the type material of N. palea although in their study on different N. palea clones a regular pattern was reported but not shown (trobajo et al. 2009 ). Nitzschia wilmottiana has always more or less regularly spaced fibulae. Moreover, N. palea usually shows more acutely rounded, shortly protracted, rostrate to sub-capitate apices whereas in N. wilmottiana, they appear always rostrate and typically broadly rounded. Nitzschia palea, and especially the var. debilis has a lanceolate valve outline with rather convex margins, contrary to N. wilmottiana that has an almost linear outline with strictly straight margins (Hofmann et al. 2011) . Nitzschia intermedia HantZscH is usually larger with valve up to 200 µm in length and a valve width of 4-7 µm (contrary to N. wilmottiana: valve width of 3.5-4 µm). More important, the striae are discernible in N. intermedia (20-33 in 10 µm) whereas in N. wilmottiana the stria density is too high to make them easily visible in LM (ca. 42 in 10 µm). Finally, N. pura has similar valve dimensions but has more acutely ending apices, more convex margins giving the species a more lanceolate appearance and more irregularly spaced fibulae, separating this species clearly from N. wilmottiana (Hofmann et al. 2011 (rimet et al. 2011) . Nitzschia has a worldwide distribution in marine and freshwaters, and has been reported from many kinds of habitats, including both clean and highly polluted ones (e.g., lowe 1974; lanGe-bertalot & metZeltin 1996) . After an initial discovery phase of taxonomic work (e.g., cleve & Grunow 1880), some diatom taxonomists proposed a large-scale reduction in taxa (e.g. lanGe-bertalot 1977; lanGe-bertalot & simonsen 1978) . While recognizing that the past taxonomic practice in general may have been too conservative in the naming of species, attention to this notoriously difficult genus has been modest. Even revisions to the flora by Krammer & lanGe-bertalot (1988) and Hoffman et al. (2011) have excluded any update to species treated as Nitzschia. Nevertheless, there are many species, marine, estuarine and freshwater, that are considered to be true endemics. Large numbers of endemic Nitzschia taxa have been described from Africa (e.g., müller 1905; Hustedt 1949) , Indonesia (e.g., Hustedt 1942) , and many other places, including the marine waters around Antarctica (e.g. manGuin 1957 , 1960 .
The species considered here from the Maritime Antarctic Region, except for N. australocommutata and N. vancauwenbergiana, would be assigned to the Lanceolatae Section of Nitzschia. Nitzschia australocommutata shares attributes with species such as N. commutata that have been assigned to the Dubiae/Bilobatae group within Nitzschia, by virtue of its highly eccentric raphe system and more or less lanceolate valve shape (cleve & Grunow 1880; Hustedt 1955). As both lanGe-bertalot & simonsen (1978) and Krammer & lanGe-bertalot (1988) indicate, there are many features that align the Dubiae/Bilobatae group with the Lanceolatae group of Nitzschia, but further research is necessary to better understand phylogenetic relationships of these groups to each other as well as within Nitzschia. Nitzschia vancauwenbergiana on the other hand belongs to the Lineares section, often considered a separate group (Hustedt 1930) .
For the other species discussed, based on their set of morphological features, they would all be assigned to the subgroup Lanceolatae. In detailing their valve morphology, however, we see variation in several features. Features detailed here that vary across the taxa considered include: presence/absence of keel, position of raphe, presence/absence of a central nodule, as well as position and structure of areolar occlusions.
For example, Nitzschia vandeputteana shows fibulae that are positioned on large, thickened interstriae running across the entire valve face, but this feature is unknown in the other taxa considered in our samples. Fibulae that extend partially across the valve face are seen in other species of Nitzschia species (i.e., partial fibulae; HamsHer et al. 2014), such as N. homburgiensis, N. scalaris (eHrenb.) w.smitH, and N. palustris Hust., among others. In addition, N. denticula Grunow, has almost entire fibulae. This latter species (and the presence of fibulae extending across the entire valve face) was thought to signify a species of Denticula and N. denticula was placed in Denticula as D. kuetzingii Grunow (PatricK & reimer 1975; Krammer & lanGe-bertalot 1988; lanGe-bertalot & Krammer 1993; see HamsHer et al. 2014) . The condition in Nitz-schia vandeputteana differs from N. denticula since in N. vandeputteana there is a slightly inflated structure on the side of each fibula, and the height of the fibulae extending across the valve is the same. In N. denticula, the fibulae narrow from the raphe side towards the other side, and ribs may originate on the side opposite the fibulae and extend part-way towards the raphe side (HamsHer et al. 2014) .
Some species, such as N. paleacea and N. gracilis, have external hymenate occlusions in the areolae, while others have occlusions that are internallyplaced (e.g. N. kleinteichiana, N. vandeputteana) , and others still (e.g., N. soratensis) have medially-placed occlusions. While authors have described differences in the arrangement of areolae (e.g., lanGe-bertalot & simonsen 1978), variation in the placement of the occlusions of the areolae of Nitzschia taxa has not had much discussion in the literature. This may have been due to the extensive use of transmission electron microscopy in detailing the pattern of and density of striae and areolae (e.g., lanGe-bertalot 1977 (e.g., lanGe-bertalot , 1980 lanGe-bertalot & simonsen 1978; Germain 1980) , without being able to report the orientation of the valve exterior or interior relative to the path of electrons. In other groups of diatoms, location of the occlusions of areolae suggested to be phylogenetically informative, helping to recognize groupings at very high levels of taxonomic hierarchy (niKolaev & Harwood 2000) , to genera (tHeriot et al. 1987) .
Presence or absence of a central nodule in Nitzschia species was given great weight in the separation (and condensation) of Nitzschia species by lanGebertalot & simonsen (1978) . Lack of a central nodule is accompanied by a continuous raphe. Two distinct raphe branches are seen easily in taxa such as N. annewillemsiana, N. homburgiensis and N. soratensis, while a continuous raphe is seen in N. velazqueziana, N. vancauwenbergiana and N. stelmachpessiana. While in most species having two raphe branches, the external proximal ends are straight; in N. annewillemsiana the raphe ends are deflected towards the mantle.
Position of the raphe in this group of species from the South Shetland Islands and James Ross Islands are typical of the Lanceolatae subgroup of Nitzschia (Krammer & lanGe-bertalot 1988) , with the raphe being strongly eccentric. In some cases this is evidenced by the raphe elevated in a small keel at the valve/mantle interface, such as is seen in N. velazqueziana, N. perminuta and N. annewillemsiana. In other species, the raphe is distinctly positioned on the valve mantle, and in cases like this there is no keel evident. Species with this arrangement include N. homburgensis, N. gracilis and, to a lesser degree, N. soratensis.
Areolae can be seen to be present (e.g., N. annewillemsiana, N. kleinteichiana) or absent (N. velazqueziana) from the keel. Right next to the raphe-bearing margin, areolae can be double (N. kleinteichiana, N. velazqueziana, N. soratensis) versus single rows of areolae along the entire length of each stria (e.g., N. commutata, N. gracilis, N. vancauwenberghiana). lanGe-bertalot & simonsen (1987) identified a distinct group of species within Nitzschia taxa, such as N. romana Grunow and N. fonticola Grunow, that have double rows of areolae near the keel.
Variability in this range of valve features, from areolar occlusions, to striae organization to the raphe and keel suggest that these Nitzschia species are quite distinct for one another. While no unique approach to an overarching organization of Nitzschia has been published since that offered by cleve & Grunow (1880), we feel these data will contribute (ultimately) to a better understanding of the genus. For these taxa specifically, it would seem that their variation speaks to them being derived from disparate sources, phylogenetically especially, but perhaps also biogeographically. Not only is there a gap, however, in the relationship between phylogeny and morphology, but also between morphology and biogeography. Further documentation of Nitzschia ultrastructure, especially with Field Emission SEM will help elucidate the types of similarities and differences across a wide range of morphological features, and hopefully contribute to our understanding of the relationship between morphology and phylogeny in this group.
